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THE ROWLAND TELEGRAPHIC SYSTEM

BY LOUIS M. POTTS

Since the invention of the Morse systemmore than fifty years
ago, telegraphy has grown by law of natural evolution to meet
the demands of an increasing business. The Morse system has
been the measure of the potential of the telegraph wires and of
the operator. To handle a continuously increasing business,
telegraph managements have been compelled to stretch annually
new copper wires and to employ new operators, because the
present wire systems have been worked continuously to their
capacity and operators to their highest efficiency under the
conditions imposed by Morse methods. It is evident that this

. indefinite extension of wire systems and the force of operators
involves the consequent investment of enormous capital and
increases indefinitely annual maintenance charges.

In all other fields of modern industrialism when manual
methods have thus shown themselves to have reached the limit of
their development, and to be capable only of clumsyaugmenta
tion without radical resulting advantages, necessity has found
the apparatus to meet the demand, and the introduction of
machines and machine methods has inaugurated a new era of
increased capacity and economy. For some years, telegraph
managers have realized that the manual Morse system has
about reached its limit of development and they recognize
that further progress must result from the use of machine tele
graph methods. They have understood that the machine to be
valuable must despatch a greater volume of traffic on existing
wires and give greater efficiency to the operator than can be
done with the now highly developed Morse methods. The field
of machine telegraphy thus determined has proved to be a most
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fascinating one to inventors and has enlisted the constant atten
tion and efforts of a large number of able and ingenious men. 
As a consequence, various telegraphic devices and machines 
have been brought forward at different times to meet the demand 
of the situation, but since none has heretofore remained predom
inant in the field, it is clear that none has been able to meet 
the exacting requirements attending commercial operation. 

The purpose of this paper is to describe a system of telegraphy 
which meets the requirements of the telegraphic service of to
day by providing for an enlarged wire capacity, combined 
with greater efficiency of the operator and adaptability to 
the requirements than any system previously described. 
In practical operation, it has continuously demonstrated its 
efficiency in despatching an enormous volume of business with 
regularity and accuracy on a single wire, while the operators em
ployed have been not necessarily skilled in the use of the Morse code. 

GENERAL DESCRIPTION 

The Rowland Telegraphic System is a sytem in which the two 
features of multiplexing and printing are combined. The 
multiplex feature is accomplished by the synchronous operation 
of the instruments at the terminal stations. By this means, 
in an octoplex installation each of the four operators is given 
the use of a telegraph wire one-fourteenth of a second, at inter
vals recurring 3.5 times a second.* In addition, the wire is 
duplexed by the polar duplex method, so that four transmis
sions in each direction, or eight in all, are obtained. In a quad-
ruplex installation, each of the two operators is given the use 
of the wire for one-seventh of a second at intervals recurring 
3.5 times a second; and the duplexing of the wire provides for 
two transmissions in each direction, or four in all. 

The printing is accomplished by a perfectly direct method; 
that is, no punched or otherwise prepared tape is used at either the 
sending or receiving station, but the printing is controlled di
rectly from a keyboard, practically identical with that of a 
typewriter. The total duration of the operation, from the 

*The normal operating speed is fixed at 210 revolutions of the line 
unit per minute, or three and one-half revolutions per second, or one 
revolution in one divided by three and one-half, or two-sevenths of a 
second. This interval of two-sevenths of a second being divided among 
four operators, gives each one the use of the wire for two sevenths 
divided by four, or one-fourteenth of a second. 
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depression of the key at the sending station until the character 
is printed at the receiving station, is less than one-quarter of a 
second. 

All the operations at the receiving station are controlled 
from the keyboard at the sending station. This keyboard is 
identical with a typewriter keyboard, except for three addi
tional keys, the so-called " lining," "backing," and "blanking" 
keys. The lining key is for the purpose of enabling the send
ing operator to move the paper from line to line on the printer 
at the distant station, the paper being moved the distance be
tween two consecutive lines each time this key is depressed. The 
backing key is used for the purpose of returning the carriage 
at the distant station to the beginning of a new line. The 
blanking key is used for the purpose of shifting a telegraph 
blank on the printer at the distant station to the proper position 
for a new message. By the use of these keys in conjunction with 
the other keys, the operator has perfect control over the receiving 
printer at the distant station. All the operations performed 
on a typewriter, such as paragraphing, tabulating, etc., can be 
performed equally well with this keyboard. 

At the sending station, in addition to the keyboard there is a 
home-recorder and a signal light for the guidance of the operator. 
The home-recorder consists of a tape-printing arrangement. 
A narrow paper band passes directly over the keyboard, and 
(directly) in front of the operator. On this tape is recorded the 
character corresponding to each key depressed. When the 
lining, backing, and blanking keys are depressed, in place of 
performing these operations on the home-recorder, characters are 
printed on the tape, indicating that these keys have been operated 
properly. When the backing key is depressed, an arrow is 
printed on the tape. This arrow, as the tape moves, travels 
with the tape along a properly graduated scale and indicates 
to the operator the position of the character last printed on the 
page printer at the receiving station. 

In addition to the home-recorder, there is placed beside the 
keyboard a small red signal-lamp for the guidance of the sending 
operator. When the carriage at the receiving station has ap
proached within a certain number of characters of the end of 
the line, this signal lamp automatically lights, thus performing 
the same function as the bell on the type-writer and preventing 
the sending operator from piling letters at the end of the 
line. When the operator depresses the backing key, this 
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light goes out as soon as the carriage at the distant station has 
returned to the beginning of a new line. 

At the receiving station the messages are automatically 
printed in page form on a long band about eight inches wide, 
(See Fig. 1 for facsimile of message) which may be prepared 

FIG. 1—Facsimile of Rowland Telegram 

with the regular telegraph blank, or any other blank which may 
bd desired. On these blanks the messages may be printed in 
any desired form, there being the same flexibility as can be 
obtained by the use of a typewriter. The page printer consists 
of a light carriage which carries the paper and is capable of 
being moved in a horizontal direction for purposes of spacing. 
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The paper is carried around a roll, which by rotating places 
the paper in position for a new line. The paper is carried between 
a platen and a constantly rotating steel wheel, having the various 
characters engraved on its rim. When a character to be printed 
is directly over the platen, the platen throws the paper against 
the type-wheel, which is continually inked by a small felt ink-
wheel. All the above motions and the operation of the platen 
are produced by electromagnets under the perfect control of 
the sending operator. 

SPEED O F OPERATION 

The speed of each operator is limited by the number of times 
per minute the keys are unlocked. The normal operating speed 
being 2 1 0 revolutions of the driving mechanism per minute, 
the keys are unlocked 3 £ times each second, or 2 1 0 times per 
minute. One key can be depressed each time the keys are un
locked. The theoretical maximum speed is about 4 0 words 
per minute. On account of the time required for returning 
the carriage to the beginning of the line, and also because of 
the fact that the operator does not always take advantage of 
the unlocking of the keys, when operating for long periods, the 
speed in actual practice is about 3 5 words per minute. How
ever, except, on the longest lines the speed of the operation of 
the machine may be very materially augmented. Upon the 
basis of 3 0 words per message, which is generally accepted as a 
fair average, this speed is equivalent to a rate of about 7 5 * 
messages per hour, per operator, or 3 0 0 in each direction per 
hour, per wire, or 6 0 0 per hour, per wire for the full octoplex. 

TELEGRAPHIC CURRENT 

In the Rowland system of telegraphy, the basis of the tele
graphic current is an alternating current. 

In an octoplex installation the current, at the normal speed 
of operation, has a period of 98 cycles per second. The same 
current is used for signalling and synchronizing. This alter
nating current is sent over the line continuously. The signals 
consist in reversing certain combinations of waves, as will be 
described later. 

Fig. 4 , Curve I, quadrant C is an oscillogram of a block of 
1 4 of the half waves of the basic alternating current. The half 
waves are numbered from 1 to 56 , after 5 6 another block 

*A rate of 71 messages per hour has been maintained in commercial 
practice for all-day operation. A rate of 50 to 60 messages per hour 
is maintained with ease. 
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begins with No. 1, and so on. This block of 56, which lasts two-
sevenths of a second, is divided into four blocks each, A, B, C, 
and Dt each of which is assigned to a different operator, making 
four transmissions each way if duplexed as mentioned. Each 
block recurs 3.5 times each second. 

For the purpose of sending the actual printing signals, only 
11 impulses are used in each block. One of the remaining 
three in each block is used for operating the lamp signals be
tween the stations, and one other, in the D block, is used for 
the letter finder impulse as is described later. The sending of 
a signal for the printing of a character at the distant end consists 
in the reversal of two of the 11 impulses. By variously com
bining two at a time of the 11 impulses, a sufficient number of 
signals is obtained for telegraphic purposes, that is, 55 possible 
different signals, 51 of which are actually used, any one of which 
may be transmitted during a time in which 11 impulses pass 
over the line. 

Fig. 5 shows how the 11 half-waves are combined to obtain 
the 51 signals used. 

Fig. 4, Curve 1, is an oscillogram of the current received and 
which vibrates the main-line relay. At the particular time of the 
oscillogram the A operator is transmitting the signal period (•) 
The B operator is transmitting the signal for lining and the C 
operator is transmitting no signal and the D operator is trans
mitting the letter A. The letter-finder wave is also shown re
versed, as this is always reversed. The carriage on the D re
ceiving printer is at the end of a line and the lamp signal in the A 
quadrant is reversed. 

In a quadruplex installation the current has a period of just 
one-half that of the octoplex, or 49 per second; and the 
waves shown in the C and D blocks in Fig. 4 are omitted, the 
waves being numbered from 1 to 28 and after 28 the start being 
again made with No. 1. Each block recurs, as in the octoplex, 
3.5 times a second and thus the time for each wave is twice as 
great as in the octoplex and the frequency is therefore one-half. 

GENERATING T H E ALTERNATING CURRENT 

The alternating current used for the Rowland system is 
generated directly by the machine itself, this being necessary 
because the frequency of the current must correspond exactly 
with the speed of the machine. The current is generated by 
a dynamo or by a transformer and a commutator together with 
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a combination of resistances and condensers which serve no 
other purpose than to reduce sparking on the commutator. 

The transformer consists of two primary and two secondary 
coils with an iron core. The commutator used in connection 
with the current generator has eight rings, one being a solid col
lecting ring and the other seven being crown sections, having 
in the octoplex 56 segments and in the quadruplex 28 segments 
every alternate segment being electrically connected. 

One terminal of each of the two primary coils of the trans
former is connected directly to negative. The other terminals 
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FIG. 5—Combination diagram 

are connected to the alternate segments of the first crown sec
tion, the coils being so connected that the current flows through 
them in such a manner as to magnetize the iron in opposite 
directions. The theory of the operation of this current generat
ing apparatus should first be considered with regard only to the 
solid collecting ring and the first crown section (see Fig. 6), 
the other crown sections simply serving the purpose of stopping 
the spark and preventing wear of the commutator and brushes. 
By taking into consideration only these parts, it will be seen 
that the brushes (which are all in metallic connection) alternately 
connect the two open terminals of the two primary transformer 
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coils to the positive of the direct-current voltage, thus continually 
reversing the magnetism of the iron core of the transformer as 
the brushes pass from one segment to the next. These reversals 
of the magnetism of the iron core induce in the secondaries of the 
transformer an alternating current, the further operation of 
which will be explained later. 

The remaining six crown sections of the commutator have 
their alternate sections connected to the two primaries in a 
similar manner to the first crown section, except that in place of 
being connected directly they are connected through resistances 
shunting condensers, these resistances increasing in value from the 

U v w y M = - - = > J / v w v J 

Transfornter 
Secondary. 

FIG. 6—Current generating connections 

second crown section to the last. The brushes are so arranged 
on the trailer arm that the brushes leave corresponding segments 
of different rings in the order of increasing resistance. By 
this arrangement the spark which would otherwise occur when 
the brush leaves the segments is prevented. 

On the end of the brush arm opposite to that carrying the 
contact brushes are mounted two carriers, the first one of which 
carries a piece of dry felt, the second one a piece of felt slightly 
oiled. These two carriers are operated by springs so that the 
felt is pressed against the surface of the commutator in such 
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a way that the dry piece of felt cleans the commutator while 
the second piece of felt furnishes the commutator with fresh lub
ricant. The action of these pieces of felt is to diminish the 
spark on the commutator and also to prevent mechanical wear on 
both the brushes and commutator. 

AMOUNT O F CURRENT REQUIRED 

In the Morse system of telegraphy, and in fact in most systems 
of telegraphy, it is customary to measure the currrent by applying 
direct voltage to the line so that the same amount of current 
flows at both stations. When the signalling current is reversed 
in direction at comparatively regular intervals there is quite 
a different phenomenon. In this case a greater current flows 
at the beginning of the line than at the end. This fact is readily 
understood by considering the action of the line. Each time 
that the current is Reversed not only does a certain amount of 
current flow from the beginning to the end of the line, but there 
is also a large amount of current at the beginning of the line 
necessary to charge and discharge it. When the line has 
any considerable length, that is, a considerable capacity, the 
current which reaches the far end of the line will be only a small 
part of that which enters it. An example will illustrate: A 
particular line has a capacity of 8.4 mf. and a resistance of 2070 
ohms, when operated in octoplex (period of current 100) 240 
milliamperes were sent out at the beginning of the line and about 
35 milliamperes received at the end of the line; that is, about 
six times as much current was required to charge and discharge 
the line as reached the far end of the line and actually vibrated 
the main-line relay. Of course, a similar state of affairs is present 
when a line is operated by any reverse-current system, such as 
the Morse duplex or quadruplex; but the phenomenon is not 
often observed as the steady state of the current is measured 
and alternating-current measuring instruments are not ordi
narily required in a telegraph office. 

For the proper operation of the relays used with the Rowland 
system, it is necessary to have at least 25 milliamperes at the 
receiving station. A very good practical working value for this 
relay is about 35 milliamperes; and when line conditions are very 
bad it may be found necessary to use 45 milliamperes. These 
values of current are required, not because the apparatus will not 
operate with less, but the signalling current must be sufficiently 
large to overbalance the effect of leakage and induction currents. 
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DUPLEXING 

The duplex feature of the Rowland system is obtained as in 
many other systems of telegraphy by the use of a differentially 
wound relay and an artificial line, which represents as nearly 
as possible the real line as regards its resistance and capacity. 

In order that the main-line relay may not be affected by the 
outgoing current, it is necessary that the currents in the two 
sides of the relay should be identical. In order that one may 
know when such is the case, a large resistance (about 5,000 
ohms) is connected from one side of the relay to the other. 
Across a small part of this resistance (about 50 ohms) a 
telephone is connected.* When the currents flowing through the 
two sides of the relay are identical, no current will flow through 
this shunt and consequently there will be no sound in the tele
phone. By means of plugs it is possible readily to change the 
resistance of the artificial line, and also to move the condensers 
to any part of this resistance and thus to adjust the currents in 
the two sides of the relay until they are equal in phase and value. 
In the Rowland system the alternating characteristic of the 
current causes the balance to depend more directly on the capa
city of the line than on its resistance. The balance used in 
its operation, therefore, is much more stable under varying 
conditions of the weather than in such a system as the Morse 
quadruplex, in which the resistance must be kept adjusted to 
the varying conditions, since the weather has much greater 
effect on the equivalent resistance of the line than on its capa
city. 

SYNCHRONISM 

In most of the systems of multiplex telegraphy that have 
ever been tried the principle of synchronism has been used; that 
is, the apparatus at either end of the line has been operated in 
unison with that at the other end. In most synchronous systems 
of telegraphy, synchronism is obtained by adjusting the ap
paratus at each station so that it rotates very closely to some 
predetermined speed and in some way, at definite intervals, 
a correcting impulse is sent over the line; by this means the 
position of the apparatus is changed by the amount it has de-

* Recently a double-needle indicating instrument has been devised for 
use in connection with the Rowland system; one needle indicates when 
the resistance referred to has been properly adjusted, and the two needles 
by both giving zero readings indicate when the capacity has been 
adjusted and located. 
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viated from the other machine since the last correction. All 
methods of synchronism based on this principle have proved 
that they require extremely delicate adjustment, and even under 
the best conditions are subject to frequent disturbances. 

The synchronism as used in the Rowland system of telegraphy 
is of a continuous and stable character. The synchronism is 
maintained by the use of every impulse which comes over the 
line, (of which there are in the octoplex 196 per second) and not 
a small fraction of the total number, as in the case of the systems 
referred to above. These impulses come at such a rapid rate 
that on account of the large inertia of the moving parts no effect 
is observed due to each impulse separately; but the regulation 
is entirely due to the integral effect of a large number of impulses, 
so that any variation of even a comparatively large number of 
the impulses will produce no sudden disturbance of the synchro
nism. 

POTTS' SYNCHRONIZER 

This synchronizer (which is the form now used on the Row
land machines) consists of a small direct-current shunt motor, 
(See Fig. 7). On a shaft driven by this motor is mounted a 
trailer Z0 which passes over a crown commutator having alter
nate segments electrically connected. This crown commutator has 
such a number of segments that each segment corresponds 
to a half wave of the alternating current used for signalling. I t 
will be seen that the effect of this brush arm and commutator 
is identical with that of the vibrating tongue of a relay. The 
alternate segments of this crown commutator are connected 
to the two contacts of the synchronizing end of the main-line 
relay. In series with the armature of the motor above referred 
to is a resistance Zr. One side of this resistance is connected 
to the synchronizing tongue Mzt of the main-line relay. The 
other terminal of this resistance is connected to the trailer ZD. 

The tongue of the main-line relay is kept in continuous vibra
tion by the alternating current from the distant station, and 
the trailer Z& is kept in continuous rotation by the motor. If the 
tongue of the relay is on the side contact which is connected to 
the set of segments of the crown commutator which the trailer 
is touching at the same time, it will be seen that the resistance 
Z r is short-circuited; while if the tongue of the main line relay is 
on the side contact of the relay which is not connected to the 
set of segments of the crown commutator which the brush Z& 
is touching at the same time, the resistance Zr will be in series 
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with the armature of the motor. In one case the armature 
will receive a much greater current than in the other. 

Consider, first, the case when the vibrations of the tongue of 
the main line relay and the rotation of the brush arm bear 
such a relation to one another, that as long as the tongue M Z( 

is against the contact Mzcl the brush Z0 is in contact with the 
segments Zsv If this condition is maintained it will be seen 
that the resistance Zr is continuously shunted. 

Secondly, consider the case when the vibrations of the tongue 
of the main line relay bear such a relation to the rotation of 

• 

L HOVoltsDC 

F I G . 7—Synchronizing connections 

the brush arm, that when the tongue Mzt is on the contact Mzcl 

the brush is on segments ZS2 and when the tongue is on the 
contact MZCei the brush is on the segments ZSv If this condition 
is continuously maintained it will be seen that the resistance 
Zr is continuously in circuit with the armature. 

Thirdly, consider any case in which the vibrations of the relay 
tongue and rotation of the brush arm have some relation between 
the above two. If any relation between the first two mentioned 
is continuously maintained, it will be readily seen that at rapidly 
recurring intervals the resistance Zr will be in circuit and out of 
circuit. Depending upon the relation between the vibration 
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of the tongue and the rotation of the brush arm, the intervals 
during which the resistance is in circuit and out of circuit will 
vary in length; and in addition to the regular current flowing 
through the armature, there will be a pulsating current flowing 
through the same and the strength of these impulses will depend 
upon the relation existing between the vibrations of the tongue 
and the rotation of the brush arm Consequently, while the 
relay tongue is vibrating in unison with the rotation of the brush 
arm, there can be various amounts of current flowing through the 
armature of the motor, depending upon the relation of the relay 
tongue and the brush arm. (This relation is spoken of as the 
phase difference). 

Let us assume that the relay tongue and the brush arm 
have such a relation that the current allowed to flow through the 
armature is of the correct value to maintain the speed of the motor 
at the same value continuously. If the rate of vibration of the 
relay tongue increases, the relation between the vibration of 
the relay tongue and the rotation of the brush arm will change, 
but in such a manner as to strengthen the impulses flowing 
through the armature; and consequently the speed of the motor 
will be increased, but only until this speed corresponds to the rate 
of vibration of the tongue. If the armature of the motor attempts 
to go faster than the vibrations of the relay tongue, the impulses 
through the armature are weakened and the speed is kept normal. 
If the motor attemps to go slower the impulses are strengthened 
and the speed of the motor is still kept normal. Consequently 
the speed of the motor follows any changes in the vibrations of 
the tongue and any tendency for the motor to change its speed, 
as, for instance, a change in the voltage in the power circuit, 
is immediately compensated for by a slight shift in the phase 
difference above mentioned. In starting the machine, syn
chronism is obtained by the use of a rheostat in series with the 
motor field. 

The operation of the synchronizing device will be better under
stood by referring to Fig. 4 which gives several oscillograms of 
the synchronizing current under different conditions. Curve 
No. 3 is the current through the motor armature when in syn
chronism, and Curve No. 4 is same when the motor is coming 
into synchronism. Curve No. 5 shows the current - furnished 
to the motor by way of the vibrating relay and not the total 
current in the armature of the motor and for a high value of 
current in the field of the motor. Curve No. 6 isthe same as No. 6 
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except that a much smaller value of current is flowing in the 
fields of the motor. In both Curve No. 5 and No. 6 the motor was 
in synchronism. The difference in length and value of the 
impulses in the two cases is to be noted. Curve No. 7 shows the 
same current as No. 5 except for the condition when the motor 
is coming into synchronism. The rheostat is regulated until 
synchronism is obtained. 

If the above arrangement is used alone, it will be found that 
the synchronism will not be steady, but will oscillate; that is, 
at rapid intervals the speed of the motor will increase and 
decrease between certain limits. These oscillations are pre
vented by mounting on the high-speed shaft of the motor a 
so-called viscous damper. In one form this damper consists 
of a steel fly-wheel having a hollow rim which is nearly filled 
with mercury. The friction between the rotating mercury and 
the rotating rim of the fly wheel rapidly dampens any vibrations 
which tend to take place and makes the synchronism 
almost, if not quite, dead-beat. This effect of the mercury 
damper is identical with the effect produced on the vibrations 
of a pendulum by immersing it in molasses or mercury. 

In regard to the practical operation of the above method of 
synchronism, it may be stated that the synchronism is often 
maintained for a whole day continuously without a single failure. 
Line swings of short duration do not cause it to loosen the letter, 
but cause an oscillation for an instant. All the variations of 
voltage, etc., under commercial conditions are automatically 
taken care of. To illustrate, in a test of this point changes in 
the conditions, which would cause the motor to change its speeds 
50% if the synchronizing device were cut out, have been made 
without loss of svnchronism. 

SYNCHRONOUS INDICATOR 

In addition to being able to produce synchronism, it is nec
essary to have some means of knowing when synchronism has 
been obtained. There are many methods of doing this. Two 
methods are usually provided. 

First. The synchronizing telephone. 
This is a telephone in parallel with a small resistance, through 

which flows a small part of the pulsating current which flows 
through the armature of the motor. If synchronism has not 
been obtained, sounds of two different pitches will be heard in 
the telephone. If the speed is sufficiently near synchronism 
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beats will be heard, similar to those produced when two keys 
of nearly the same pitch on an organ are sounded at the same 
time. As the speed more nearly approaches synchronism these 
beats will follow each other at greater intervals; and finally, 
when synchronism has been obtained, there will be a smooth 
sound of a definite pitch. 

Second. The synchronizing lamp. 
An incandescent lamp is connected so that it receives a pul

sating current similar to that passing through the armature of 
the motor and the telephone. When synchronism has not been 
obtained the light of the lamp will pulsate; when synchro
nism has been obtained the light of the lamp will be steady. 

FINDING T H E LETTER 

It will be noted from the description of the synchronizer that 
every alternate segment of the synchronizing commutator is 
in electrical connection, and that consequently when synchro
nism is obtained the brushes may be on any one of 28 segments 
in the octoplex, or on any one of 14 segments in the quadru-
plex. Before the signals can be received properly, it is necessary 
that the trailers of the sending and receiving stations shall be 
on corresponding segments. 

The operation of shifting the brushes so that they are on 
corresponding segments is the so-called " finding the letter." 
For this purpose, at the sending station the impulse correspond
ing to the fifty-fifth segment (in the quadruplex it is the 
twenty-seventh segement) is reversed every revolution. At 
the receiving station the fifty-fifth segment in the octoplex, 
or the twenty-seventh in the quadruplex, operates the 4'letter 
finder " relay, identical in connections with a selecting relay. 
This relay is so connected, that when it receives a normal un
reversed impulse it is against its rear contact; but when it re
ceives a reversed impulse it is against its front contact. 

A gear driven by the motor pinion on the line unit, at a speed 
of 3.5 revolutions per second—the normal operating speed— 
carries a pawl which engages with a 28 toothed ratchet; in the 
quadruplex the ratchet has 14 teeth. This ratchet is fixed 
rigidly on the gear which drives the commutator brushes. The 
motor pinion, then, drives the gear carrying the pawl, and the 
pawl engaging the ratchet drives the train of gears carrying 
the brushes on the commutator. An electromagnet attached 
to the frame of the machine operates a plunger which causes 
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a pin to trip the pawl on the ratchet, dropping it back one tooth 
each time the magnet is operated. The circuit of the magnet 
is completed through a resistance, a push button, and the back 
contact of the letter finder relay. 

If synchronism has been obtained and the brushes are not on 
corresponding segments at the sending and receiving stations, 
the letter finder relay will be back, and when the push button 
is depressed the letter finder magnet will operate and the pawl 
will drop back one tooth in the ratchet each revolution until 
the brushes are on corresponding segments, when the reversed 
fifty-fifth impulse will fall on the letter finder relay, and the cir
cuit of the letter finder magnet will be broken. An incandes
cent lamp is connected from the positive terminal through the 
back contact and tongue of the letter finder relay to negative. 
As long as the brushes are not on corresponding segments this 
lamp will be lighted. When the brushes are on corresponding 
segments, and the relay tongue is therefore on its front contact, 
the lamp will go out indicating that the letter has been found. 

TRANSMISSION O F T H E SIGNALS 

The transmitting apparatus proper consists of a keyboard, 
a sending commutator, and a transmitting relay. (See Fig. 8.) 
The keyboard consists of a number of levers, one for each char
acter, pivoted in the middle and each carrying a heavy contact 
strip which, when the key is depressed, makes contact with two 
pins. On one end of this lever is a small lip S 2 which engages a 
steel bar Sv passing above the keys. By means of a cam 5 4 

and a lever 5 3 this bar is given a reciprocating motion. In one 
position it permits the keys to be depressed at will, and in the 
other position it holds the keys down or up, as the case may be. 
At the usual speed of operation this bar is made to oscillate three 
and one-half times per second. 

The sending commutator consists of a ring dvided into 56 
segments in the octoplex, or 28 in the quadruplex. Each of 
these segments corresponds to a half-wave. Eleven segments 
being connected to each keyboard, each key when depressed con
nects two of these segments to the negative. 

The transmitting relay consists of a polar relay of ordinary 
form, one coil of which is connected through a high resistance 
in such a way as to receive current continuously, giving the trans
mitter tongue a bias which holds it normally against one con
tact. The other coil when energized by current through the 
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sending commutator, keyboard contact pins and key lever, and 
a resistance, attracts the transmitter tongue to the other contact. 
This disconnects the line from one secondary of the transformer 
and connects it to the other, thus sending an impulse the reverse 
of the normal. When the brush passes over such segments as 
are made negative by a depressed key on the keyboard, the 
magnet 5 M is energized, and the impulses corresponding to these 
segments are reversed. The cam 5 4 is so geared to the brush 
Sb that the keys are always locked when the brushes pass over 
the segments corresponding to that particular keyboard. 

F I G . 8—Transmitting and home-recording connections 

HOME RECORDER 

In addition to printing the message at the distant station, 
a record is also obtained at the sending station for the guidance 
of the operator and for record purposes. This record is pro
duced by the outgoing signals, in a manner similar to that used 
at the receiving station. For this purpose each sending posi
tion is supplied with a bank of home-recording selecting relays 
identical with those supplied at the receiving position. These 
relays, instead of being operated by a current from the contacts* 
of the main-line relay, are operated by a current shunted off 
from the main signalling current just before it enters the main-
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line relay. This signalling current is distributed to the various 
home-recording selecting relays by a commutator of 56 seg
ments (or of 28 segments in the quadruplex) identical in con
struction with the receiving commutator. 

The home-recording printer, in the present form, is a tape 
printer. The operation of this tape printer is perfectly identi
cal with that of the page printer, except that the mechanism 
for lining, blanking, and backing is omitted. (See description 
of page printer). Corresponding to the back contact signal on the 
page printer at the distant end, there is placed on the sending 
tape printer a small incandescent lamp which lights whenever 

FIG. 9—Receiving connections 

the receiving lamp relay is against its front contact;that is, when
ever the carriage on the page printer is within a certain number 
of letters of the end of a line, notifying the sending operator 
of this fact. 

RECEIVING T H E SIGNALS 

On account of the fact that the signals are produced by a 
combination of two out of eleven, it is necessary that the first 
of the two signals received be stored up in some way until the 
second signal is received, before the corresponding character 
can be printed. This is accomplished by the use of polarized 
relays, one corresponding to each of the eleven impulses. Each 
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printer is furnished with a bank of 11 receiving selecting relays. 
(See Fig. 9.) For receiving the signals there is employed a 
vibrating tongue of the same line relay which is used for syn
chronizing, the relay having two independent tongues and 
pairs of contacts, one for synchronizing and one for printing. 

The receiving, like the sending commutator, consists of a ring 
divided into 56 segments in the octoplex, or 28 segments in the 
quadruplex, one segment corresponding to each of the 56 or 28 
impulses. One terminal of the winding of each relay is connected 
to a common point, and the other terminal to the corresponding 
segment of the receiving commutator, so that each relay repre
sents one of the 56 or of the 28 impulses. Every alternate relay is 
connected in reverse, so that as the alternating current is dis
tributed among the relays, each one is against its back stop, 
except in the case when the corresponding impulse is reversed, 
when the relay tongue will be against its front stop. 

A resistance of 600 ohms is shunted across the 110-volt 
direct-current mains. The middle of this resistance is con
nected to the common terminal of the receiving selecting relays. 
The print contacts of the main-line relay are connected to 
points about 100 ohms from the terminals of the 600-ohm 
resistance. As the tongue of the main-line relay vibrates 
from one contact to the other, the current furnished the selecting 
relays changes its direction, and reproduces locally the signalling 
current received from the other station. As the brush Rh rotates 
in synchronism with the vibrations of the tongue M T , each of the 
selecting relays will receive an impulse which will draw the 
tongue against its back or front stop, depending upon whether 
the impulse has been normal or reversed at the sending station. 

Fig. 4, Curve 2, shows the impulses flowing through the 
selecting relays. The impulses shown correspond to those for 
the received current shown in Curve 1. 

A telephone will be noted on Fig. 9. This is for the purpose 
of indicating the proper adjustment of the receiving commutator. 
When the commutator is not properly adjusted it is indicated 
by a loud rap in the telephone. 

AUTOMATIC TRANSLATION O F RECEIVED SIGNALS I N T O PRINTED 

CHARACTERS 

The page printer, by means of which 51 different operations 
may be performed from the keyboard controlled by the operator 
at the distant station, involves the following features: 
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First. A solid steel type-wheel about 2.5 inches in diameter, 
on the circumference of which the characters to be printed are 
engraved. This type-wheel revolves continuously at the end of 
a horizontal shaft, and in synchronism with the trailers on the 
various commutators. 

Second. A light paper carriage, carrying the paper which is 
fed from a roll underneath the type-wheel when new lines are to 
be made. 

Third. A device to thrust the paper forward to make a new 
line. 

Fourth. A device to move the paper carriage sideways to 
produce the space between letters and between words. 

Fifth. A device to return the carriage to the beginning of a 
new line. 

Sixth. A small printing magnet, which operates a hammer or 
platen which throws the paper against the lower side of the rim 
of the type-wheel, at the moment when the character to be 
printed has turned to its proper position above the line. 

Seventh. A set of five polarized relays called the distributing 
relays, connected to the page printer by a cable, which serves 
the purpose of making contacts at proper moments for sending 
current to the print magnet to print; to a lining magnet to line; 
to a spacing magnet to move the paper sideways; to a backing 
magnet, which allows the carriage to return for the beginning 
of a new line; and to a blanking mechanism which rapidly feeds 
out the paper until a new blank is in the proper position for the 
beginning of a new message! Each of these operations is 
completely controlled by a key on the keyboard at the distant 
station. 

Eighth. A combination commutator, the function of which 
will appear from the following description. Fig. 10 shows such 
a commutator developed. This commutator consists of three 
rings being divided into a number of segments^ one fifty-sixth 
of a circumference corresponding to each operation. The rings 
1 and 2 are divided into various segments lettered from A to K. 
The arrangement of these segments are so chosen that at one 
point, and only one point, any two segments corresponding to a 
given character will be in line. The thiid ring is divided into 
various segments, and according as the combination at any 
particular point of the commutator is to print, space, etc., this 
segment of the third ring is connected to the corresponding 
distributing relay. All of the segments in rings 1 and 2 bearing 
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the same letter are connected to the contact of the corresponding 
receiving selecting relay, in the bank of eleven selecting relays 
belonging to that page printer. 

The operation of the page-printer will be readily understood 
by reference to Fig. 10, where the connections of the page-
printer are shown. The incoming signal, which consists of two 
reversed waves, is first received, as elsewhere described, by 
throwing forward the tongue of the two corresponding selecting 
relays against their front contacts. By so doing, the segments of 
the combination commutator having the same letters as these 
relays will be connected to the frame of the bank of selecting 
relays, since the eleven tongues of this bank of relays are elec
trically connected to the frame. The brush bearing on ring 
No. 2 of the combination commutator is connected directly 
to negative, the frame of the machine, while the brushes on 
rings No. 1 and No. 3 are insulated from the frame, but connected 
to each other. 

When the trailer brushes on the combination commutator, 
being in continuous rotation on the three rings Nos. 1, 2. and 3, 
rest at the same time upon segments of the commutator which 
are connected together, through the contacts and tongues of the 
two selecting relays which are against their front stops, an 
impulse will be sent through the wire P 12 and the front spool 
of the print relay. This will throw the tongue of the print relay 
forward and close the circuit of the print magnet, operating the 
hammer and throwing the paper against the type-wheel at the 
proper time to print the letter corresponding to the signal sent. 

When the print magnet operates, a contact on the hammer 
will ground the contact 5, and thus send a current through the 
back spool 13, of the print relay, and also through the front 
spool of the space relay. This will open the circuit of the print 
magnet, thus releasing it, and at the same time will close the 
circuit of the space magnet. When the space magnet has oper
ated the spacing mechanism of the printer, a contact attached to 
this mechanism connects the contact 7 to the negative, thus 
sending an impulse through the back spool P 7 of the space 
relay, and pulling the tongue of the space relay against its back 
contact, thus opening the circuit of the space magnet. 

The electrical operation of the backing mechanism is similar 
to that of the printing and the spacing , except that the operation 
of the release contact is somewhat different. In order to throw 
the backing relay against its back stop, it is necessary to make two 
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contacts. One of these contacts, 9, is made when the paper 
carriage has returned to the beginning of a new line, so that 
current continues to flow through the back magnet until the 
carriage is returned to the beginning of a new line. The other 
contact, through wire, No. 23, is made by the trailer brush 
passing over a short segment on the combination commutator. 
The " buffer " magnet is energized by current through wire No. 
14 and a contact on the plunger of the backing magnet, as soon 
as the backing magnet is operated. When the carriage returns 
to the beginning of a line it is held by the buffer magnet, which 
prevents the carriage rebounding, until, at the next revolution of 
the trailers, contact is made on the short segment of the commu
tator, and current through wire No. 23 and contact No. 9 and the 
back spool of the backing relay opens this relay and releases the 
backing and the buffer magnets. 

The electrical operation of the lining mechanism is identical 
with that of the printing and the spacing. When the operator 
has finished a telegraphic message and desires to start a new one, 
the blank key is depressed. This throws forward the blanking 
relay against its front contact. This connects the front spool 
of the lining relay to negative by way of contact 16 and the 
blanking relay. The contact of the lining mechanism nor
mally rests against the contact 16, and if the blanking relay 
is front the lining relay will be thrown front, and the 
lining magnet will operate and in so doing will ground the 
back spool of the lining relay through the contact 11, thus 
opening the circuit of the lining magnet, which will allow the 
negative contact of the lining mechanism again to throw front the 
lining relay. This process will continue and the paper will be fed 
out as long as the blanking relay remains forward. However, 
at definite intervals the paper is perforated, and as soon as the 
blank has advanced to the proper position the holes allow the 
brushes 17 to.make contact through the paper with a negative 
connection on the frame. This sends an impulse through the 
back spool of the blanking relay, thus pulling the tongue of the 
blanking relay against its back contact and thus stopping the 
operation of the lining mechanism. 

When the carriage is within a certain number of characters of 
the end of the line, a contact is made by the action of a strip on 
the carriage frame, thus grounding the segment on the sending 
commutator which corresponds to the back signal. This con
tinues to send the backing signal to the operator at the distant 
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end as long as the carriage is within a certain distance of the end 
of the line. This is also so arranged that when the blanking 
relay is front and the paper is feeding out, it sends the signal 
to light the red lamp at the sending station, thus insuring that 
the sending operator does not begin a new message before the 
paper has stopped moving. 

MECHANISM F O R PRODUCING T H E UNISON O F LOCAL APPARATUS 

In order that the motor which is synchronized by the impulses 
over the line, and which drives the brushes on the commutators 
directly concerned with the sending and the reception of signals,' 
have as little and as constant an amount of work to do as possible, 
the printers and home-recorders are sometimes (particularly in 
large installations) driven by a separate motor, Fig. 13, which 
is kept in unison with the motor on the line unit. I t is not only 
necessary that these two pieces of apparatus be kept in syn
chronism, but also that their commutators bear a definite relation 
to one another. In order that this may be the case, the mechan
ism which maintains the unison of these two pieces of apparatus 
is so arranged that this unison is possible only when the commuta
tors bear a correct relation, the one to the other. 

On the line unit is a commutator, known as the multiple-
unison commutator, divided into twelve segments; and on the 
unison unit, which is the driving mechanism of the local printers, 
is a similar commutator of 12 segments, known as the unison 
unit commutator. The corresponding segments on these two 
commutators are electrically connected. The biush on the 
multiple-unison commutator is connected to negative. The brush 
on the unison-unit commutator is connected—after the unison-
unit motor is brought up to speed by means of the starting box— 
to one terminal of the motor armature, and also to one term
inal of the synchronizing resistance. The other terminal of 
the synchronizing resistance is connected to negative: and the 
other terminal of the motor armature to positive. The brushes 
on the unison-unit commutator are driven by the unison-unit 
motor. 

When the line-unit and unison-unit motors are running at the 
proper speed the brushes on each commutator will be making 
210 revolutions per minute. If the brushes are on corresponding 
segments of the two commutators, the synchronizing resistance 
will be short-circuited, and the armature of the unison-unit 
motor will be directly acioss the power mains. If the brushes 
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are not on corresponding segments of the two commutators, 
the synchronizing resistance will be inserted in t!ie armature 
circuit, reducing the speed of the unison-unit motor, which will 
run slowly until it has dropped back to a point where the brushes 
are again on corresponding segments on the two commutatois, 
when the armature will again receive its full current. By adjust
ing the resistance in series with the shunt field of the motors, 
the speed can be regulated to such a point that the action of 
the brushes on the commutators, in short circuiting the syn
chronizing resistance, will keep the unison-unit motor in syn-

F I G . 11—Unison-unit connections 

chronism with the line-unit motor. I t is of course not nec
essary to adjust this resistance every time the motor is started-
This resistance is set for any speed of operation once for all, and 
the motor is then started just the same as any motor; i.e. by the 
use of a starting lever. The synchronism takes caie of itself. 

For the puipose of indicating when the two pieces of apparatus 
are in unison, a unison lamp is provided. The circuit of this 
lamp is completed through extra rings on each commutator. 
It will be noted by reference to Fig. 13, that this lamp receives 
no current when the two brushes are rotating in synchronism; 
but if the synchronism moves the distance of more than one 
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segment, this lamp will receive an intermittent current and will 
thus indicate that the two pieces of apparatus are not in unison. 

To secure a uniform rotation of the print-unit driving shafts, 
a mercury damper similar in action to that on the line-unit 
motor, is provided for the unison-unit motor. To assist further 
in obtaining as nearly as possible an absolutely uniform rotation 
of the type-wheel on the individual printers, so that the type-wh^el 
will travel at all points in its revolution a fixed, definite distance 
between the time when the impulse is received by the print 
relay and the time when the platen strikes the paper against 
the type-wheel, and thus give uniform spacing between the 
letters, each type-wheel shaft is provided with a fly-wheel; 
and the driving dog on the end of the shaft, through which the 
motion is transmitted to the shaft, is made up by winding a flat 
steel spring into a spiral, one end of which is fastened rigidly to 
the shaft, and the other end of which engages the driving dog. 
The spring has a strip of heavy, non-elastic material wound with 
it, the action of which prevents rapid oscillations of the spring. 

METHOD O F CONSTRUCTION O F APPARATUS 

The Rowland apparatus is divided into a number of units for 
convenience of manufacture and operation. Any unit can be 
quickly removed and replaced by another unit. In* general any 
machine is divided into three units, the line unit, the correspond
ence unit, and the unison-unit. (See Figs. 2, 3,12, and 13.) The 
line unit comprises the current generator, sending, receiving, and 
home-recording commutators, synchronizing device, transmitter 
and main-line relay and all the parts directly concerned with the 
line, in other words the purely telegraphic parts of the apparatus 
The correspondence unit comprises the keyboard, home recording 
printer, and receiving printer; in other words, a duplex electrical 
type-writer. The unison unit simply serves to supply power to 
operate the correspondence units; it may be dispensed with in 
case of small installations, as they can be operated directly by 
the line, or a separate one may be provided for each correspondence 
unit if so desired. 

CONCLUSION 

From the foregoing discussion of the telegraphic situation and 
the description of the Rowland system, it has probably been 
understood already that the latter is constructed essentially to 
meet the demands of the former. A brief examination of the 
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adaptability of the machine to the situation, however, is neces
sary in order to appreciate thoroughly its practical utility and 
efficiency. 

The most important practical requirements of the telegraphic 
service are accuracy and promptness. These factors, in a great 
measure, determine for the telegraph its peculiar field. In the 
Morse system the presence of the human element in every 
operation necessarily introduces corresponding inaccuracies. 
In the Rowland system the human element is reduced to a mini
mum by keyboard transmission and automatic reception. The 

FIG. 12.—Correspondence unit, sending side showing keyboard and Home 
recorder. 

printed local record before the Rowland operator, too, shows 
what has been transmitted, and furnishes the operator an im
mediate method of checking the message sent. The octoplex 
wire capacity of the Rowland and direct transmission from 
typewiiter keyboards with direct reception in printed characters 
on regular telegraphic blanks ready for immediate delivery con
stitute the best possible combination to insure promptness. 
With the Morse system, particularly in wet weather when the 
wire capacity is reduced, serious delays in transmitting telegrams 
often occur through a sudden or abnormal accumulation of 
business. The octoplex wire capacity of the Rowland system 
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in all weather conditions provides a greatly increased margin 
for reducing and avoiding such delays. 

As already explained, the machine demanded by the tele
graphic field must give greater efficiency to the operator and the 
wire than can be done with Morse methods. 

The efficiency of a Rowland operator is practically double 
that of a Morse operator. To transmit a Morse message, two 
skilled operators are necessary, while to transmit a Rowland 
message one typist is necessary. The sole requirement that the 
operator shall be a typist and able to transmit a message in-

FIG. 13.—Correspondence unit, receiving side showing page-printer. 

telligently greatly broadens the labor field and permits the 
economies incident to such an increased supply. 

The more complete utilization of the wire operated by the 
Rowland, as compared with the Morse, has already been sug
gested. Under weather conditions most favorable to the Morse, 
the Rowland wire capacity is double that of the Morse, while in 
weather unfavorable to the Morse, the Rowland wire capacity is 
triple or quadruple that of the Morse. 

As features of the Rowland system which lend themselves to 
further expansion and development in the telegraphic field, it is 
interesting to note that the method of dividing the use of a 
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telegraph wire among a number of operators provides the 
fundamental and ideal requisite for the development of new 
and improved distributing methods for the general service and 
for facilitating and expanding the private use of the telegraph. 
Machine methods of relaying, more accurate and efficient in 
their operation than Morse methods offer further promising 
fields for greater efficiency. 

In conclusion, having indicated the field and the demand for 
a machine telegraph and how the machine under consideration 
meets the conditions imposed, it only remains to suggest that 
with the application of machines, which provide for the 
more efficient transmission of a greatly increased business 
on present wire systems, and the further developments of the 
possibilities outlined, it is not unreasonable to expect that the 
telegraphic service directed by a broad policy will become in the 
near future hardly second in its unrestricted use and importance 
to the post office itself. 

NOTE.—The above article has been written with special reference to 
American practice and in particular the highly developed American Morse 
methods and the highly skilled American operator. Many points of 
difference present themselves in foreign practice. It is possible elsewhere 
to use much smaller values of received current than here. The saving 
in wires becomes much greater when considered with reference to coun
tries making use of other methods of transmission. 


